were filtered on pre-combusted (475 °C) and pre-weighed Whatman GF/F filters. In order to 153 remove dissolved organic carbon and nitrogen, the filters were flushed with artificial 154 seawater. The flux of total particulate material (TPM) was determined by the weight gain of 155 the filters after drying at 60 °C. Particulate organic carbon (POC) and nitrogen content, as % 156 of dry weight, was determined from sub-samples of the dried filters, which were fumed with 157 concentrated HCl for 16 hours to remove any potential contribution from inorganic carbon, 158 prior to analysis on a CE 440 Elemental analyser. 159
160
The difference between the preserved and unpreserved traps was highest at 20 m depth, 161
where the averaged carbon flux was 1.4 ± 0.22 times (n = 17) higher in the preserved trap 162 compared to the unpreserved trap. At 40 m depth the average ratio was 1.3 ± 0.08 while no 163 difference was observed at 50 m depth. The C:N ratio was lower in the preserved trapcompared to the unpreserved, and as for the carbon content the difference was highest in the 165 most shallow trap. Therefore, we decided only to apply data from preserved traps as these 166 were considered most trustworthy (See section 4.1.). 167
168
The carbon and nitrogen content in riverine particulate matter and in seawater at 5, 10 and 20 169 m depth was measured by filtrating 0.5 L of riverine water or 1 L of seawater through 170 precombusted Whatmann GF/F filters and quantification was performed as described above. 171 172
Sediment characteristics 173
Sediment was retrieved with a HAPS bottom corer (Kanneworf and Nicolaisen, 1973) . Only 174 cores with a clear overlying water phase were used. For further analysis, sub-cores were 175 collected in plexiglas liners (i. d. 5.6 cm) which were kept in darkness and at bottom water 176 temperature during the 4 h transport time to the laboratory. 177
178
Total OC and nitrogen content was measured in the uppermost cm of the sediment by a CE 179 440 Elemental analyser after the sediment had been homogenized, acidified (4 -5% H2SO4) 180 in order to remove inorganic carbon, and dried. Sediment porosity was determined from the 181 measured density and water content measured as the weight loss after drying at 70 °C for ~48 182 hours. 183
184
For measurements of excess 210 Pb, sediment cores were sliced into 0.5 cm intervals down to 185 5 cm and 1 cm intervals down to 15 cm. The samples for excess 210 Pb measurements were 186 dried and ground before 10 -15 g of sediment was packed into polyethylene containers, 187 sealed, and left to condition for at least two months prior to counting. The activity of 210 Pb 188 and 226 Ra were determined by gamma spectroscopy using high-purity germanium detectors. 189
Excess 210 Pb was taken as the difference between total 210 Pb activity and the activity of 226 Ra. 190 The sediment accumulation velocity (w) was calculated from the exponential decrease in 191 excess 210 Pb activity, below the zone affected by bioturbation (~4.5 cm), assuming an 192 uniform initial background concentration of 210 Pb (Appleby and Oldfield, 1992) . The 193 sediment burial rate Fsed = w(1-ϕ)ρ was calculated from the sediment accumulation velocity, 194 the porosity (ϕ) and the density (ρ) of the sediment. The OC burial rate FOC = (1-ϕ)ρOC was 195 estimated using average measured value of OC from the depth interval of 15 -20 cm. 196
Benthic solute exchange rates 198
The total oxygen uptake (TOU) and efflux of DIC from the sediment, as well as the exchange 199 rates of NO3 -and NH4 and stirring sensitivity of <1% (Gundersen et al., 1998; Revsbech, 1989) . Samples for 219 measurements of O2, DIC, NO3 -and NH4 + content were taken at the start of the incubation 220 and when the O2 concentration inside the cores had decreased by 15-20 % of the initial value 221 as monitored by the electrode. The samples were collected with a glass syringe equipped with 222 a Tygon tube. For O2 and DIC concentration measurements, the water was transferred to 12 223 ml and 1.5 ml gas tight glass vials, respectively. Oxygen concentration was determined by 224
Winkler titration (Grasshoff et al., 1999) , while DIC samples were preserved with 20 µl of 225 HgCl2 (5% w/v) until later analysis on an infrared gas analyzer (ADC-225-MK3). NO3 -and 226
NH4
+ samples were collected in 20 ml plastic vials, filtered through GFC filters and 227 preserved with 3 droplets of chloroform. NO3 -was measured on an autoanalyzer according to 228 (Grasshoff et al., 1999) and NH4 + was measured manually by the salicylate-hyperchlorite 229 method (Bower and Holm-Hansen, 1980) . (Fig. 2) . The value for suspended matter was stable with C:N ratios between 277 6.2 and 6.5 during spring increasing to a range of 6.9 and 7.6 during summer. The highest 278 molar C:N ratio of 9.6 in the suspended matter was observed in November (Fig. 2) . In 279 January and February 2009, the C:N ratio of material entering the fjord from three of the 280 rivers, varied greatly among rivers (Table 1) , but the mean ratio was lower than the ratio of 281 the material caught in the sediment traps. 282
283
The vertical flux of total particular matter (TPM) at 20 m depth showed no seasonal trend 284 (Fig. 2) . However, the flux increased with depth, especially from autumn to spring. Vertical 285 POC fluxes likewise increased with depth (Fig. 2) . For instance, the POC flux at 50 m depth 286 was 1.1 ± 0.04 times the flux measured at 20 m from May to August, but from September to 287
April the flux at 50 m depth was 3 times higher than the flux at 20 m depth. The gradually 288 increase in TPM and POC sedimentation with increasing water depth presumably reflect 289 resuspension of material that enters the lower traps, particularly during the more energetic 290 periods of the winter season. 291 292
Seasonal variation in the sediment 293
The bottom water temperature changed annually between 6.2 and 10.8 °C, with maximum 294 and minimum temperatures in late September and March, respectively (Fig. 3a) . The O2 295 concentration in the bottom water was close to air saturation at most sampling dates, but from 296
June a transient thermocline at ~40 m depth ) caused the O2 concentration 297 in the bottom water to decline (Fig. 3b) . Minimum O2 concentration of 136 µmol l -1 was 298 measured in August, but in late September the O2 level of the bottom water was again close 299 to air saturation. The OPD ranged from a minimum of 1.1 mm when the O2 availability in the 300 water column was at its minimum, to the maximum of 4.4 mm in March (Fig. 3c) . The TOU 301 of the sediment ranged from 13 ± 1 mmol m -2 d -1 during winter to a peak of 51 ± 13 mmol m -302 2 d -1 just after the apparent renewal of the bottom water in September (Fig. 3d) . The seasonal 303 changes in DOU were less pronounced, ranging between 5.6 and 14 mmol m -2 d -1 . The 304 integrated annual DOU amounted to 39% of TOU, with higher contribution during summer 305 than winter, indicating that benthic fauna was more important for the TOU during summer. 306
The annual TOU was 8.4 mol m -2 . 307 308 In contrast to TOU, which was relative constant during spring and summer 2006, the DIC 309 efflux gradually increased and reached its maximum in the period with maximum bottom 310 water temperature in August and September (Fig. 3e) . Overall, the DIC efflux exhibited a 311 considerably higher seasonal variability than TOU and ranged between 3.5 ± 2.3 and 79.1± 312 7.5 mmol m -2 d -1 . Correspondingly the respiratory quotient varied with a summer maximum 313 of 2.8 ± 0.5 and a winter minimum of 0.3 ± 0.1 during December (Fig. 3e) . The annual DIC 314 exchange was 10.8 mol m -2 , thus the yearly integrated RQ amounted 1.3. Generally, there 315 was a net NH4 + efflux from the sediment (Fig. 3f) To assess the contribution of spatial variations to the measured rates we combined the 326 measured exchange rates into every possible mean of 2 and 3 at the locations (Fig. 4) . The 327 variations in obtained mean values decreased with increasing number of averaged cores, with 328 exception from the NH4 + flux, where an outlier affected the combination of means to a great 329 extent (Fig. 4) . By averaging 3 measurements, the obtained TOU rates were within 5 mmol 330 m -2 d -1 from the mean value of 12 cores, with 50% of the TOU rates within 2 mmol m -2 d -1 . 331
Thus the spatial variation was small compared to the seasonal change measured as a mean of 332 to the seasonal changes. The 1 km 2 is more than ten times the size of the expected sampling 334 area for seasonal measurements, as the vessel was attached to a permanent mooring during 335 sampling, and thus the influence from spatial variation on the time series is expected to be 336 smaller than the variation resolved in 1 km 2 area. 337 338
Carbon preservation in the sediment 339
The excess 210 Pb content decreased exponentially with depth below a ~4.5 cm deep surface 340 zone with apparent mixing (Fig. 5) . The bulk density and porosity changed rapidly in the 341 uppermost part of the sediment, but was relatively constant at greater depth. The OC content 342 decreased from 2.5% at the surface to an average of 2.2% at 15 -20 cm depth. (Fig. 6) . However, the C:N ratio decreased with increasing 358 water depth. According to the linear model, the C:N ratio decreased from 8.7 at 35 m depth to 359 7.9 at 55 m depth. The solute exchange rates also changed as a function of water depth (Fig.  360   6 ). While the TOU for the three stations shallower than 41 m, were similar with an average of 361 22.4 ± 1.7 mmol m -2 d -1 , the value for the two deeper sites was 37. 
NO3
-flux changed from a release from the sediment at the shallower stations to NO3 -uptake 366 at the deeper stations (Fig. 6 ). There was no pronounced inter annual variability in sediment 
Evaluation of the measured sedimentation rates 373
In this study, sedimentation of particulate matter was measured by long-term sedimentation 374 trap deployments with formaldehyde as a preservant. Thus, poisoned swimmers actively 375 seeking the traps might have increased the assessed vertical fluxes. Unpreserved traps, on the 376 other hand, might be affected by grazing and microbial degradation (Buesseler et al., 2007) . 377
Influence from swimmers was indicated in some samples, where the C:N ratio was less than 378 the average ratio of material in suspension (Fig. 2) . It might be expected that the C:N ratio 379 would decrease as a function of deployment time, due to the continuous stream of swimmers 380 to the sedimentation traps. However, no correlation was found between duration of 381 deployments (6 -40 days) and the C:N ratio, or POC content of the traps. Thus, the influence 382 was presumably small. 383 384
Seasonal variation in vertical fluxes 385
The POC export from the euphotic zone showed the typical seasonal pattern of fjords, with 386 maximum export in association with the spring bloom, and a progressive decline during 387 summer (Sørensen et al., 2015; Wassmann, 1984; Wiedmann et al., 2015) . The C:N ratios of 388 the sinking material resembled those of particles suspended in the upper 20 m of the water 389 column, with ratios between 5.7 and 8.6 during spring and summer (Fig. 2) . These are close 390 to the Redfield ratio (6.6), thus the suspended and sinking material was mainly fresh material 391 of marine origin (Lund- Hansen et al., 2004) . During this period large sized diatoms of the 392 genera Coscinodiscus sp. dominated the phytoplankton community while flagellates were 393 more abundant in September . 394
395
During winter the C:N ratio of the suspended matter was as high as 9.4 -9.5 while it was 8.6 396 -8.7 in the sinking material (Fig. 2) . This is comparable to the C:N ratio in the sediment and 397 that of particles suspended in riverine water (Table 1 and Fig. 6 ). The freshwater runoff from 398 land was three times higher during winter than summer. From October to March the total 399 long-term average runoff was 5.2 m 3 s -1 . Applying the average POC 400 content of riverine water (Table 1) 
Seasonal variations in carbon mineralization 424
The benthic mineralization rates as inferred from the DIC efflux only poorly reflected 425 variations in the sedimentation rates, as maximum mineralization coincided with the highest 426 bottom water temperatures rather than highest POC export (Fig. 3) . Despite the small 427 seasonal variations in seawater temperature, variations in solute exchange rates were quite 428 large. This might be expected under the given settings with high primary production and 429 limited bottom water renewal during summer and intensified resuspension during winter. 430
431
The most pronounced seasonal signal was in the DIC efflux, which ranged from 3.5 mmol m DIC exchange occurred when the bottom water was isolated and the TOU limited by the 434 reduced O2 availability and mineralization was presumably dominated by anaerobic pathwayslike sulphate and iron reduction (Fig. 3) . During winter the greater TOU than DIC efflux 436 indicated continuous reoxidation of reduced metabolites like FeS and FeS2 that had 437 accumulated during the summer (Glud, 2008; Kristensen, 2000) . The seasonal dynamics in 438 TOU and DIC exchange resembles observations in the highly studied Aarhus bay (Glud et . However, such conclusions should be made with great caution as our measuring 455 approach only poorly capture conditions during resuspension events, during which 456 considerable reoxidation could take place (Porter et al., 2010) . 457
458
The NH4 + efflux increased with decreasing OPD (Fig. 3) . This probably reflects reduced 459 nitrification, following reduced O2 availability (Rysgaard et al., 1994) . 460
The net nitrogen efflux (NH4 + + NO3 -) from the sediment was very small compared to the 461 DIC flux. The integrated yearly C:N ratio was 60, which suggests that only a small part of the 462 mineralized nitrogen is reflected in the NH4 + and NO3 -fluxes (Fig. 3) , and could be 463 indicative of high denitrification rates or efflux of dissolved organic nitrogen (Canfield et al., 464 2005), pathways which were unexplored in this study. 465 466
Water depth dependent variations in the sediment 467
The OC in the top of the sediment was within the range previously reported in fjords (Smith 468 et al., 2015) and did not change with bottom depth (Fig. 6) . However, the decreasing molar 469 C:N ratio with increasing water depth, suggests that the organic material in the deepest part of 470 the fjord was the least degraded in August. This is opposite to the general relation between 471 OC quality in sediment and water depth (Arndt et al., 2013; Morata et al., 2008) . The solute 472 exchange also showed that the most labile OC was located at greatest water depth as the 473 oxygen uptake and the release of inorganic carbon and ammonium increased with increasing 474 depth (Fig. 6) . In Kaldbaksfjørður resuspension occurred year round all though it was 475 intensified during winter (Fig. 2) . Resuspension presumably causes lateral advection and 476 focusing of the sedimenting material towards the deepest part of the fjord -including 477 redistribution of freshly deposited phyto-detritus during the productive periods of the year 478 (Noji et al., 1993; Wassmann, 1984; Wiedmann et al., 2015) . In contrast to most studies, the 479 sediments in Kaldbaksfjørður therefore exhibited an inverted relation between OC turn-over 480 and water depth. 481 In general the fraction of total OC input to the sediment which escapes mineralization i.e. the 498 burial efficiency (OCburial/OCinput) increases with the sediment burial rate (Burdige, 2007; 499 Canfield, 1994) . The burial efficiency in the central area of the fjord was 48%, assuming that 500 the OC burial and the benthic mineralization at station T equals the total OC deposition. This 501 matches the empirical relation between sediment burial rates and carbon preservation as 502 compiled by Canfield (1994) . 503 Nevertheless, the steep topographies of fjords enhance sediment focusing towards the deepest 505 areas causing the OC burial in the central fjord to be higher than in the shallow areas (Sugai, 506 1990 ). Thus the values derived at station T do not represent the fjord integral. However, the 507 carbon burial in the fjord as a whole can be estimated from the total sedimentation and 508 mineralization. Applying the trap data at 20 m water depth from April to September, the 509 representative total POC annual input to the seabed in Kaldbaksfjørður was 4.94 · 10 7 mol 510 OC yr -1 (Fig. 7) . The total OC mineralization can be approximated (Fig. 7) from i) the 511 bathymetry of the fjord, ii) the relation between water depth and DIC efflux (Fig. 6 ) and iii) 512 the annual carbon mineralization rate at station T (Fig. 3) , assuming a constant relation 513 between mineralization rates and depth over the year. This gives a total annual carbon 514 mineralization of 3.03 · 10 7 mol OC ( fig. 7) . Thus, the burial efficiency for the fjord as a 515 whole was ~39%, and the average OC burial rate as estimated from the OC sedimentation 516 and burial efficiency was ~48 g C m -2 yr -1 (~4 mol C m -2 yr -1 ). This is 2.4 times lower than 517 the OC burial in the central basin, but still places Kaldbaksfjørður among fjords with high OC 518 burial rates and adds to the record of fjords as hotspots for carbon preserervation (Cui et al., 519 2016; Smith et al., 2015) . 520
521
Given the topography of fjords, sediment focusing towards the deepest areas is a common 522 feature in fjords (Noji et al., 1993; Sugai, 1990; Wassmann, 1984; Wiedmann et al., 2015) . 523 Burdige (2007) argued that spatial variation together with over representation of muddy 524 sediments might imply that the burial rate in the continental margin might be overestimated 525 for this very reason. In a similar way, overrepresentation of samples at the flat base of fjords 526 might imply that the OC preservation estimates for fjord systems are overestimated. In any 527 case, the large divergence in the obtained carbon burial rate at station T and for the entire 528 fjord (Fig. 7) emphasizes the need to account for spatial variations and sediment focusing 529 when assessing burial efficiencies in complex sea seascapes. 530 531
Conclusion 532
The seasonal variation in benthic solute exchange in Kaldbaksfjørður was high considering 533 the stable temperature regime. The dynamics were governed by high primary production and 534 isolated bottom water during summer and intensified sediment resuspension during winter. 535
Lateral advection focused the OC towards the deepest part of the fjord, and in contrast to 536 most systems mineralization increased with increasing water depth during summer. The OC 537 burial in the central area of the fjord was 2.4 times higher than averaged over the entire fjord, 538 highlighting the need to account for spatial variations when extrapolating results to entire 539 systems. Taking 
